Single-field models of inflation are analysed in light of the WMAP five-year data. Assuming instantaneous reheating, we find that modular/new inflation models with small powers in the effective inflaton self-interaction are more strongly constrained than previously. The model with a cubic power lies outside the 2σ regime when the number of e-folds is N ≤ 60. We also find that the predictions for the intermediate model of inflation do not overlap the 1σ region regardless of the power of the monomial potential. We analyse a number of ultra-violet, DBI braneworld scenarios involving both wrapped and multiple-brane configurations, where the inflaton kinetic energy is close to the maximum allowed by the warped geometry. In all cases, we find that the parameters of the warped throat are strongly constrained by observations.
I. INTRODUCTION
The inflationary scenario postulates that the universe underwent a phase of very rapid, accelerated expansion in its distant past. Observations -most notably from the anisotropy power spectrum of the Cosmic Microwave Background (CMB) -have provided strong support for the paradigm. Despite this success, however, the mechanism which drove the inflationary expansion has yet to be identified. Indeed, there remain many viable versions of the scenario. (For reviews, see, e.g., Refs. [1, 2, 3, 4, 5, 6, 7, 8] .) In view of this, it is important to constrain, and ultimately rule out, as many models of inflation as possible.
In this paper, we consider a wide range of inflationary models that are well motivated from particle physics and unified field theory. We focus on models where the cosmic expansion was driven by a single, self-interacting scalar 'inflaton' field, φ. In general, single-field inflationary models are characterised by the action
where R is the Ricci curvature scalar, the 'kinetic function' P (φ, X) is a function of the inflaton field and its kinetic energy X ≡ − is the reduced Planck mass. In the simplest versions of the scenario, the inflaton has a canonically normalised kinetic energy, where P = X − V (φ) and V (φ) denotes the inflaton potential. In many higher-dimensional models motivated directly from string/M-theory, however, the function P (φ, X) has a more complicated form. This is the case, for example, in the Dirac-Born-Infeld (DBI) inflationary scenario, where inflation is driven by the propagation of one or more D-branes [9] . * Electronic address: l.alabidi@qmul.ac.uk † Electronic address: j.e.lidsey@qmul.ac.uk
We compare both canonical and non-canonical models of inflation with the recent observational bounds derived from the combined data of the Wilkinson Microwave Anisotropy Probe (WMAP) [10] , Baryon Acoustic Oscillations (BAO) [11] and Supernovae (SN) surveys [12, 13, 14, 15] . In Ref. [16] , the three-year WMAP data was employed to rule out for the first time a large fraction of viable canonical models at more than 3σ. We begin by reconsidering this analysis in the light of the WMAP five-year data [10] . We find that the conclusions of [16] are confirmed by WMAP5, with the improved bounds on the scalar spectral index strongly constraining models of modular inflation at more than the 2σ level.
We then proceed to consider non-canonical DBI brane inflationary models driven by a wrapped D5-or D7-brane [9, 17, 18] . We focus on the 'relativistic, ultra-violet' version of the scenario, where the brane is moving towards the tipped region of a warped throat with a kinetic energy close to the upper bound imposed by the warpfactor of the higher-dimensional space. We find that independently of the form of the inflaton potential, the geometry of the warped throat must be strongly constrained if such models are to satisfy the improved observational bounds from WMAP5. We also consider extensions of the scenario to multiple-brane configurations [19, 20] and find that the same challenges arise as for the single-brane case.
The structure of the paper is as follows. In section II, we summarise the current bounds on the observational parameters. In section III, we investigate models of canonical inflation and determine which models are still viable. In Sections IV and V, we derive new observational limits on wrapped and multi-brane UV DBI inflation. We conclude with a discussion in Section VI.
II. SINGLE-FIELD INFLATION
For the action (1.1), the amplitudes of the scalar and tensor perturbation spectra generated during inflation are given by [21] 
respectively, where ǫ ≡ −Ḣ/H 2 , the sound speed of inflaton fluctuations is defined by
and a comma denotes partial differentiation. The corresponding spectral indices are given by
and the tensor-scalar ratio, r ≡ P
In canonical inflation the sound speed of inflaton fluctuations is equal to the speed of light, c s = 1. The scalar spectral index is therefore determined by
represent the 'slow-roll' parameters and a prime denotes d/dφ. Successful slow-roll inflation requires a sufficiently flat potential, {ǫ, |η|} ≪ 1. The observed normalisation of the CMB anisotropy power spectrum implies that P 2 S = 2.5 × 10 −9 . If it is assumed that the scalar spectral index is effectively constant over observable scales and that r is negligible, the WMAP5 data [10] indicates that n s = 0.963
at the 1σ confidence level. Combining WMAP5 with the BAO and SN data reduces the uncertainty in the matter density and results in an improved bound on n s when the tensor-to-scalar ratio is included [10] . To be consistent we also use the bounds from this data set in the case where r is negligible:
It is important to note that even if the tensor-scalar ratio is significant, the Harrison-Zeldovich spectrum n s = 1 is still highly disfavoured. On the other hand, if the running of the spectral index, n ′ s , is treated as a free parameter, n s = 1 would be consistent with the data. The upper limit on the tensor-scalar ratio from the combined WMAP5 + BAO + SN data is r < 0.25 at the 2σ level when n ′ s = 0 is assumed as a prior. This is relaxed to r < 0.54 for n ′ s = 0.
Deviations from Gaussian statistics in the scalar perturbation spectrum are quantified in terms of the 'nonlinearity' parameter, f N L . In the equilateral triangle limit, where the three momenta have equal magnitude, the leading-order contribution to this quantity is determined by the kinetic function and its first three derivatives [22, 23, 24] :
where
Current limits on the non-linearity parameter are −151 < f N L < 253 at the 2σ level [10] . Finally, the number of e-folds of canonical, slow-roll inflation that occurred from the time t * when observable scales first crossed the Hubble radius during inflation to the epoch t end when inflation ended is given by
The value of N depends on the reheating temperature. Requiring baryogenesis to take place at or above the electroweak scale implies that N 30. A value of N ≃ 60 corresponds to a GUT scale reheating and hence an instantaneous change from inflation to relativistic matter domination.
III. CANONICAL INFLATION
In order to decide whether a particular model is favoured by the data or not we implicitly make the following assumptions in this Section:
1. The curvature perturbation was sourced entirely from quantum fluctuations in a single, slowly rolling scalar inflaton field and is purely adiabatic. We work to leading-order in the slow-roll approximation.
2. The running in the spectral index vanishes
3. The form of the potential under study remains valid until the end of inflation.
4. The universe reheats instantaneously immediately after the end of inflation.
5. Assuming instantaneous reheating, a reasonable range of values for the number of e-folds between t * and t end is taken to be N = 54 ± 7, in accordance with the literature and more specifically Ref. [25] .
(We note, however, that the number of e-folds could lie outside this region in either direction if further assumptions are made).
In the following, therefore, when a model is said to be 'excluded convincingly at more than a given confidence limit for a given value of N ', this should be understood within the context of the above assumptions.
A. Small-Field Canonical Inflation
Small-field models are defined as those for which the variation in the inflaton field is less than the reduced Planck mass, |∆φ| ≡ |φ * − φ end | < m Pl . Typically, the amplitude of gravitational waves generated in such models is undetectably small and the spectral index therefore provides the key observational discriminator.
A general form for the small-field inflaton potential is given by
where {V 0 , µ, p} are constants. When p is an integer and greater than 2, such a potential may be generated by the self-coupling of the inflaton at tree-level. A potential of this form also arises in the new [26, 27, 28] and modular inflationary scenarios [29, 30] . The mutated hybrid models correspond to the ranges 2 < p < ∞ or −∞ < p < 1, where p is not necessarily an integer [31] . The case p = −4 corresponds to certain braneworld models, where the constant term arises from the warped tension of the brane and anti-brane and the interaction term originates from the attraction between the branes [32, 33] .
Another small-field model of interest is the supersymmetric (SUSY) F -term potential resulting from one-loop corrections of the waterfall field in SUSY hybrid inflation [34, 35, 36] . In this scenario, supersymmetry is broken spontaneously and the potential has the form
where Q and g are model-dependent parameters. Finally, we consider the potential
with q = √ 2, which may be generated when the flat direction in SUSY is lifted by adding a Kahler potential, i.e., by adding kinetic terms [36] . (Note, however, that this is not a small-field model as defined above, since φ > m Pl in the region where V 0 dominates.) All the above models are related through their observational predictions for the value of the spectral index. For both the potentials (3.2) and (3.3), the slow-roll parameter η dominates over ǫ during inflation. However, this is only true for the potential (3.1) in the small-field regime and we therefore implicitly assume 2 that µ < m Pl . The fact that η ≫ ǫ implies that the spectral index is given by n s − 1 ≃ 2η and, since ǫ is a continuously increasing function of φ during inflation, this expression can be combined with the number of e-folds, Eq. (2.11), to deduce a general form for the spectral index [2, 38] :
In Eq. (3.4), the SUSY F-term hybrid model (3.2) corresponds formally to p = 0 and the potential (3.3) to the value p = −∞.
In Figs. 1-3, we explore the regions of parameter space defined by {n s , p, N } that are consistent with the observations. In all cases, the bound (2.8) on the spectral index is employed. In Fig. 1 , the number of e-folds, N , is treated as an independent variable and the spectral index, n s , is varied. The relation (3.4) is plotted for a range of values for p. In Fig. 2 , the parameter p is varied with respect to N for a fixed n s . The bounds (2.8) are highlighted to emphasise the allowed regions of parameter space. Finally, in Fig. 3 , the value of p is varied with respect to the spectral index for fixed values of the number of e-folds in the range N = 54 ± 7.
In [16] , the original hybrid inflation model was excluded convincingly at more than 3σ. This is still the case with the new data sets. On the other hand, the p < 0 (mutated hybrid) and |p| → ∞ (exponential) models fit the data well for the reasonable range of N . Within the context of the present discussion, the key features of the new data are the increase in the central value of the spectral index and the narrowing of the error bars. As a result, the p = 3 model of the new and modular inflationary scenarios is now outside the 2σ region for N < 60, as can be seen from Table I . The fact that it is the lower-order terms that are constrained by the data is important from the theoretical point of view, because it is difficult to motivate the suppression of lower-order terms in a small-field theory. Such a suppression requires either a significant fine-tuning of the coupling terms or the introduction of a suitable symmetry. The problem of suppressing the quadratic term in modular inflation was addressed in Ref. [39] , where a symmetry was identified. However, the majority of model builders prefer to impose fine-tuning to suppress this term [40] and this emphasises the difficulty of constructing a small-field model of inflation where a higherorder term is responsible for inflation coming to an end. This is an important open question that needs to be addressed.
B. Large-Field Canonical Inflation
Large-field models are characterised by the condition |∆φ| m Pl . They are particularly interesting since a super-Planckian field variation may generate an observable tensor-scalar ratio [41] . The simplest class of largefield models is based on a monomial potential, V ∝ φ α , where α is a positive [42] or negative [43, 44, 45] constant. The former case corresponds to chaotic inflation, whereas the latter corresponds to the intermediate inflationary scenario which was analysed in light of the WMAP3 data in Ref. [46] . Assuming that the potential maintains this form up to the end of inflation, the generic predictions for this class of models are:
for α > 0, and The black, dash-dotted line represents the α = 1 (η = 0) linear potential, below which potentials are concave downward. The observational data is from the combined WMAP5 + BAO + SN set applied to the ΛCDM + tensor model without running in the spectral index. The contours were generated using the Matlab scripts provided by the Cosmomc package and are smoothed to one degree. The horizontal dashed line is the expected sensitivity of the Planck satellite for detecting the tensor-scalar ratio. Since the predictions of a particular model are sensitive to the number of e-folds that elapsed between observable scales leaving the horizon and the end of inflation, we have plotted Eq. It is interesting to consider what one might be able to deduce from the (r, n s ) plane in the near future with regard to concave-downwards potentials (α < 1), especially given the anticipated results from the Planck surveyor. This class of models is of relevance to braneworld inflation within the context of type IIA string theory compactified on a six-dimensional, bulk space that is comprised of two nil-manifolds [47] . Depending on the direction in which the brane moves, the leading-order term in the effective inflaton potential is a monomial with α = 2/3 or α = 2/5.
The Planck surveyor is expected to be sensitive to a primordial gravitational wave background of r 0.05, as shown by the horizontal dashed line in Fig. 4 . For illustrative purposes, let us suppose that the allowed range of values for n s deduced from the Planck data at a given confidence level turns out to be similar to that from WMAP5 with the same set of priors 3 . In that case, Fig.  4 indicates that a tensor background would not be detectable for α 2/3 when the number of e-folds is in the range N = 54 ± 7, but could be for N ≃ 30, for example. The α = 2/5 model, on the other hand, predicts that r 0.05 for all N 30.
Finally, we consider the implications of WMAP5 for the intermediate inflationary scenario. Rearanging Eq. (3.6) implies that [46] 
and Eq. (3.7) is plotted in Fig. 5 for various values of α.
It should be noted that this model leads to eternal inflation and some hybrid mechanism is therefore required in order to bring inflation to an end. In this sense, the value of the inflaton field at the end of inflation is unspecified and, consequently, any value for N is possible in principle. Nonetheless, we deduce that r → 8(1 − n s ) in the limit |α| ≫ 2. This limit is shown in Fig. 5 and does not intersect the 1σ region. For this particular combination of data sets, therefore, the intermediate scenario lies outside the 1σ contour for all values of α and all models with |α| < 1.72 lie outside the 2σ regime.
IV. INFLATION WITH WRAPPED BRANES
The DBI inflationary scenario is based on the compactification of type IIB string theory on a Calabi-Yau (CY) three-fold [9] . Non-trivial form-field fluxes generate warped 'throat' regions within the CY space and inflation arises when a D-brane propagates inside such a throat. The inflaton parametrises the radial position of the brane and, since this is an open string mode, its dynamics is determined by a DBI action.
In general, the metric inside the throat has the form
), where the warpfactor h(ρ) is a function of the radial coordinate ρ along the throat and the base X 5 is an Einstein-Sasaki manifold. When the throat geometry is AdS 5 × X 5 , the warpfactor is h = ρ/L, where
with unit radius, and m s and g s denote the string mass and coupling, respectively. A well-motivated exact warped geometry is provided by the Klebanov-Strassler (KS) background, where the base is X 5 = T 1,1 with Vol(T 1,1 ) = 16π 3 /27 [48] . Moreover, in the F-theory interpretation of type IIB compactifications, the global tadpole cancellation relates the background charge to the Euler characteristic, χ, of the CY four-fold such that N = χ/24 [49] . For the case of fourfold manifolds that are known explicitly, χ < 1, 820, 448, which implies that N < 75, 852 [50] .
In the original version of the scenario, inflation was driven by the motion of a D3-brane [9] . However, this model is inconsistent with the data if |f N L | is large [51, 52, 53, 54] . Recently, extended versions involving D5-and D7-branes wrapped over cycles of the throat have been considered [17, 18] . The key difference between these models is the relationship between the inflaton field and the radial coordinate. When the NS-NS two-form potential vanishes this is given by
for an AdS 5 × X 5 throat, where we denote the D(3 + 2n)-brane by the subscript n = (0, 1, 2), T 3+2n ≡ m The effective four-dimensional action for the brane dynamics is then given by Eq. (1.1) with a kinetic function [17, 18] :
where the warped brane tension is defined by
The warped nature of the geometry imposes an upper limit on the inflaton's kinetic energy. In this and the following Section, we consider the 'relativistic, ultraviolet' DBI scenario, where this upper limit is saturated, φ 2 ≃ T , and the brane is moving towards the tip of the throat,φ < 0. We do not specify the form of the inflaton potential (subject to the condition that a phase of quasi-exponential expansion is generated). It follows thatφ
Moreover, the scalar perturbation amplitude has the form
and, since c s ≪ 1, the non-linearity parameter is given by f N L = −1/(3c 2 s ) [24, 55] .
The observable parameters in this scenario are {P 2 S , r, n s , f N L }, whereas the key parameters describing the warped throat are {Vol(X 5 ), g s , N }. Our aim is to constrain these parameters with the WMAP5 data in a way that is independent of the inflaton potential. We proceed by substituting Eq. (4.4) into the scalar perturbation amplitude to deduce that
Assuming a quasi-de Sitter expansion, we differentiate Eq. (4.6) with respect to the comoving wavenumber, k = aH/c s [21, 52, 53] . Substituting Eqs. (2.4) and (4.6) into the result then yields a constraint equation involving the spectral index:
where we have defined the quantity
.
(4.8)
The left-hand side of Eq. (4.7) is determined entirely by observable quantities, whereas the right-hand side depends on field-theoretic parameters. Since WMAP5 strongly favours a red perturbation spectrum (n s < 1) [10] , Eq. (4.7) yields the upper limit
once current observational bounds are imposed. It follows, therefore, that rearranging Eq. (4.8) in the form 2 /3 for the wrapped volumes, respectively, we find that
With a typical value of Vol(X 5 ) ≃ O(π 3 ), the ratio Vol(X 5 )/N 4 × 10 −4 for all currently known CY fourfolds. We may conclude, therefore, that consistency with the data for both the wrapped D5-and D7-brane models would require either a smaller than expected value for the base volume or the discovery of new classes of CY four-folds with a larger Euler number.
The theoretic lower bound on Vol(X 5 )/N can be reduced by allowing the brane to wind around the cycle of the throat or by wrapping it around a base that is orbifolded. For example, if a D5-brane has a winding number p and wraps around a cycle of T 1,1 that is orbifolded by Z q , the normalisation S ≡ φ 2 /ρ 2 is altered by a factor of p/q [17] . This modifies the value of the parameter A 5 defined in Eq. (4.4) by a factor (q/p) 1/2 and, consequently, the value of Q by (q/p) 1/4 . It follows, therefore, that the upper bound (4.11) for the D5 scenario becomes
This implies that a large amount of winding or orbifolding is required. It is interesting to consider how the constraints (4.11) compare to previously known bounds in the light of the WMAP5 data. There exists a field-theoretic upper bound on the tensor-scalar ratio in these scenarios, which arises because the warped nature of the bulk manifold restricts the maximally allowed variation in the value of the inflaton field [51, 56] . For the D5 and D7 models, this constraint was recently expressed in terms of the upper bound [18] Vol(
Comparison with Eq. (4.8) implies that this constraint can be expressed succinctly in the form
14)
The WMAP3 data imposed the limits f N L < −300 and r < 0.5 at the 1σ level, which implies that the upper bound (4.9) would have been Q < 0.06. This is comparable in strength to the theoretic bound (4.14). Indeed, prior to the WMAP5 data, the wrapped D7-brane scenario was still compatible with such a limit if Vol(X 5 ) ≃ O(π 3 ) and g s > 0.2 [18] . However, the WMAP5 data has strengthened the bound (4.11) on Vol(X 5 )/N by a factor of 3 8/(n+2) with the result that all wrapped versions of the scenario now face theoretical challenges if they are to be consistent with the observations.
It is also interesting to note that post WMAP5, the limit (4.12) is comparable numerically to a corresponding limit for the ratio Vol(X 5 )/N derived in Ref. [17] . (The limit (4.12) would have been weaker by a factor of approximately 20 if the WMAP3 data had been employed). However, the analysis of Ref. [17] was restricted to the specific case of a quadratic potential and did not consider the observational constraints on the spectral index. Since the above analysis was independent of the potential, this indicates that any modifications to V (φ) are unlikely to significantly weaken the upper limit on Vol(X 5 )/N .
In conclusion, therefore, one of the consequences of the WMAP5 data is that the strongest constraints on the wrapped, relativistic, UV DBI inflationary scenario now arise from the observable (r, n s ) plane. On the other hand, it is important to note that backreaction effects are more significant in the wrapped scenarios when the brane is moving relativistically [17, 57] . Consequently, a more detailed analysis of such effects is required before these models can be concretely excluded. Nonetheless, it is known that a wrapped D5-brane with flux is dual to n coincident D3-branes in the large n limit [58] . In view of this, we proceed in the next Section to consider inflation from multiple-brane configurations.
V. INFLATION WITH MULTIPLE BRANES
In general, the theory of multiple-brane configurations is non-Abelian since n coincident branes have open string degrees of freedom which combine to fill out representations of U (n). Recently, the effective action for n coincident D3-branes was derived in the finite n limit by employing an iterative technique based on the fundamental representation of SU (2) and taking an appropriate symmetrized trace over the gauge group [19, 20] . It was found that for all values of n, the kinetic function has the form
It was further shown that backreaction effects are kept under control for sufficiently small values of n ≤ 10 [20] . We consider the relativistic, UV DBI scenario, where the branes are moving down an 
In principle, this scenario could be constrained observationally by deriving the analogue of Eq. (4.7). However, the dependence of the scalar perturbation amplitude on the non-linearity parameter introduces an additional term involving the running
Although this parameter might be detectable in future experiments, there is presently no data available to constrain it. To proceed, therefore, we need to invoke a further assumption by specifying the form of the potential. In general, a mass term is expected to be generated below a critical scale due to the breaking of conformal invariance. We therefore consider a quadratic potential, V = m 2 φ 2 /2. To generate a phase of quasi-exponential expansion, ǫ = −Ḣ/H 2 ≪ 1, the inflaton potential must dominate the energy density. In this case, the Friedmann equation reduces to H 2 ≃ V /(3m 2 Pl ) and it follows that
The consistency equation (2.4) then implies that the scalar perturbation amplitude varies as
S . Differentiating with respect to comoving wavenumber therefore implies that
and we may deduce immediately that this model predicts a red perturbation spectrum, as favoured by the WMAP5 data.
The ratio Vol(X 5 )/N can be constrained by substituting Eqs. (5.2) and (5.4) into Eq. (5.3). We find that 6) and it follows from the consistency equation (5.5) that
(5.7) Imposing current WMAP5 upper limits on the observable parameters then implies that
We conclude, therefore, that when confronted with the observations, the multi-brane scenario (with a quadratic inflaton potential) faces the same theoretical challenges as the single, wrapped configurations: either a new class of CY four-fold is required or the base manifold X 5 must be orbifolded. On the other hand, despite such issues, it is interesting to note that the multi-brane scenario predicts a strong lower limit on the tensor-scalar ratio. Since 0.935 < n s < 0.98 at the 1σ level, Eq. (5.5) implies that 0.01 < r < 0.43/ √ −f N L , where we have saturated the WMAP5 bound f N L > −151 in the lower limit. This implies that the prospects for detecting primordial gravitational waves from this model with future space-based, all-sky CMB polarisation experiments are good. Moreover, Eq. (2.4) may be expressed in terms of observable parameters such that r + 8n t ≃ − √ −3f N L r. As shown in Ref. [55] , deviations of this form from the standard inflationary consistency equation, r = −8n t , could be detected in future CMB surveys if r 0.2/ √ −f N L . Substituting this limit into Eq. (5.5) therefore implies that such a detection could be possible if n s < 0.97. This would provide a powerful observational discriminant for breaking the degeneracy between canonical and non-canonical, single-field inflation.
VI. DISCUSSION
In this paper, we have considered the status of a wide class of single-field inflationary models in the light of the recent WMAP5 data. For the reasonable range of e-fold values aforementioned, N = 54 ± 7, we conclude that modular/new inflation models with 2 < p 3 are under pressure from the data and that p < 0 and |p| → ∞ satisfy the observations. The required suppression of lowerorder terms in the p > 0 models poses a challenge to model builders, as discussed in Section III. Moreover, it is significant that independent data sets are now converging towards a preferred value of n s , with only tiny differences between WMAP5 only, WMAP5 + SDSS [59] and WMAP5+BAO+SN data. This convergence implies that we can be more confident as to what represents a viable model from a phenomenological point of view.
We have also shown that the intermediate inflationary scenario can only satisfy the data at 2σ for |α| ≥ 1.72, and that the predictions of the model do not overlap the 1σ region for any value of α.
We emphasize that the above conclusions follow from assuming that the reheating of the universe immediately after inflation was instantaneous. However, the precise duration of the reheating process is not known. In particular, for a quadratic potential, a matter dominated phase may arise if the inflaton oscillates about its potential minimum for an extended interval before decaying. This would alter the number of e-folds that elapsed from the epoch when observable scales first crossed the Hubble radius during inflation to the time when inflation ended. In general, the number of e-folds depends on the effective equation of state after inflation and this would need to be known if a more precise value of N is to be determined.
Complementary to our work is that of Ref. [60] , where the authors start from the different stand point of aiming to construct the most general inflationary potential using slow-roll reconstruction with a specific e-fold and reheat temperature prior. Reconstructing the inflationary slow-roll parameters and not the spectral parameters from the data has the advantage of directly probing more fundamental parameters. They locate regions in ǫ, η space which are consistent with the WMAP5 data, and this allows to reconstruct the Hubble parameters and therefore (via the Hamilton-Jacobi equations) the inflationary potential. The authors also analyse higher-order parameters, but for the purposes of this work, we only need mention that the simplest fit is consistent with the crucial prior of N > 15, which we interpret as support for the inflationary paradigm.
We have also considered the relativistic, ultra-violet, DBI braneworld scenario, where the inflaton is identified in terms of the radial position of a wrapped D5-or D7-brane. We found that when the brane's kinetic energy is maximised, new constraints on the parameters of the bulk geometry can be derived from the WMAP5 data in the (r, n s ) plane. Such constraints are independent of the precise form of the inflaton potential and are stronger than existing limits originating from fieldtheoretic bounds on the tensor-scalar ratio. In all cases, consistency with the data requires a significant reduction in the volume of the base or the discovery of new classes of Calabi-Yau four-folds which allow for larger Euler numbers.
We then extended our analysis to a recently proposed relativistic, multi-brane DBI scenario. For the case where the inflaton has a quadratic potential, we found that the predicted value of the spectral index is compatible with observations. However, the ratio Vol(X 5 )/N is still strongly bounded from above, as in the single brane models, and consequently the same theoretical problems arise in this case also.
